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Abstract 
 
Soda lime silicate glasses lightly doped copper oxide were prepared in the chemical composition; (65-x)SiO2 : 
25Na2O : 10CaO : xCuO, where 0 d x d 0.5 mol and 1500qC melting-temperature.  The density and the refractive 
index of the glass samples were increased with increasing concentration of copper oxide while the molar volumes 
showed the inversed trend. It indicates that the glass structure was more compacted, with increasing of copper oxide 
concentration.  The optical absorption of all samples showed a dominated broad absorption center at around 790 nm 
due to Cu2+ ions.    
 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
  
 Glass is inorganic material that widely used for various purpose depend on the type of glass. Soda-
lime silicate glass is one type of glass which was used in many products, such as windows, glassware, 
etc., and was found in daily life. In addition to type of glass, the colors factor was one attracted to user. 
Metal transition has been most widely studied as doping agent in color glasses. So the physical and 
spectroscopic of silicate glasses doped with various metal transition ions have been extensively 
investigated in the past [1-2].  It is known that the glasses containing transition metal ions has many 
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colors depending on the chemical composite of glasses system, the type of transition metal ion or the 
characteristic of the transition metal ions in structure [2].    
Copper is one of the transition metals chosen as dopant for coloring glass. The atomic number and the 
atomic weight are 29 and 63.546, respectively and the electron configuration is 3d104s1 [3]. Usually, 
copper ions have two different oxidation numbers, monovalent (Cu+) and divalent (Cu2+) electrons, the 
Cu+ and Cu2+ ions were octahedrally coordinated act as network modifiers in silicate glasses [4]. The 
cuprous ion Cu+  in  3d10 4s2 does not produces colouring while the cupric ion  Cu2+ in 3d9 4s2 absorbs 
light in  visible region and creates colouring [5,6].   
 Recently, Cu2+ ions doped glasses have attention in their optical bistability [7]. The shade of   copper 
coloration depends not only on the quantity of copper oxide in the glass, but also on the particular 
cuprous-cupric ionic equilibrium which investigated by UV-vis absorption [8]. For special optical 
applications, the role of glasses as ultraviolet (UV) transmitting materials has increased in recent years. 
 In this work, the glass samples were soda lime silicate glass which doped copper in various 
concentrations and the quenched temperature was 1,500 qC. The prepared glasses were investigated on the 
physical and spectroscopic properties. 
2. Experiment 
2.1. Glasses preparation 
 Sodalimesilicate glasses of the type 25Na2O - 10CaO -65-xSiO2-xCuO, where  x = 0.10, 0.20, 0.30, 
0.40 and 0.50 mol% were prepared. Chemical compositions of glass were reagent grade, Na2CO3, SiO2, 
CaOand CuO. Due to Na2O is unstable in the air so the reagent was added as the Na2CO3 form. The 
various CuO concentrations in samples were given in Table 1. The materials  were heated at 1,500°C for 
3 hours and annealed at 500°C for 1 hour and slowly cooled down to room temperature. The glass 
samples were cut into rectangle, slice thickness 3mm, and polished in order to study their optical 
properties. 
 
Table 1. Chemical composition of glass samples mol% 
    
Samples          CuO                   Glass Composition (mol%) 
  Code           (mol%)
SCuO00.00              25Na2O +  10CaO  +65 SiO2  
SCuO10.10            25Na2O  + 10CaO + 64.9 SiO2 + 0.1CuO 
SCuO20.20             25Na2O  +  10CaO + 64.8SiO2 + 0.2CuO 
SCuO30.30            25Na2O  +  10CaO + 64.7 SiO2+ 0.3CuO  
SCuO40.40            25Na2O  + 10CaO  + 64.6 SiO2+ 0.4CuO  
SCuO50.50            25Na2O  + 10CaO  + 64.5 SiO2+ 0.5CuO 
2.2.   Measurement of properties of glass 
 The density (U) of each sample was calculated using the Archimedes’s method using water as 
immersion liquid.  The density was determined by the relation 
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 where bU  is the density of water 1.0000 g/cm3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The molar volume, (Vm) was calculated using the relation 
     
U
 Tm
MV      (2)   
where MT  is the total molecular weight of the multi-component system given by 
 
             CuOCuOCaOCaOONaONaSiOSiOT ZXZXZXZXM 2222     (3)   
  
where CuOCaOONaSiO X,X,X,X 22  are the mole fractions of the constituent oxides 
and       CuOCaOONaSiO Z,Z,Z,Z 22  are the molecular weights  of the constituent  oxides. 
 
The refractive index was measured at room temperature using an Abbe refractometer (ATAGO) with a 
sodium vapor lamp as a light source emitting the light at a wavelength Ȝ = 589.3 nm. The measured 
refractive indices will be used to determine the molar refraction (Rm), and the molar electronics 
polarizability (Dm). The molar refraction and the molar electronics polarizability were calculated using 
Eq. (4) and (5) respectively. 
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 where nD is the refractive index at 589.3 nm, U and M are the density and the molecular weight of the 
glass samples, respectively, and N is the number of polarizable ions per mole and is assumed to be equal 
to the Avogadro’s number, NA [9].   
 
 The UV-visible spectra of glasses were recorded at room temperature using UV-visible 
spectrophotometer. The absorption using the relation 
     ¸
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T
1logA                               (6) 
 where T  is % transmission.  
The color of glasses were investigations by the spectrophotometer using CIE L*a*b* system.  
3. Results and Discussion 
 
3.1. The density of glasses 
 
 The densities of all glass samples and the molar volumes, which were the ratio between the molecular 
weight of each samples and the density of them are shown in Table 2. The density of glass samples were 
increased with addition of CuO from 0.1-0.5 mol% into the network due to the substitution of SiO2 by 
CuO, the higher molecular weight.   
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Table 2. Thedensity and the molar volume of glasssamples 
 
Samples 
code 
  Density, U         
   (g/cm3)
     Molar volume,     
      Vm (cm3/mol) 
SCu0    2.5384 r 0.0001         23.6848       
SCu1    2.5439 r 0.0001         23.6557       
SCu2    2.5480 r 0.0001         23.6250       
SCu3    2.5524 r 0.0001         23.5919       
SCu4    2.5610 r 0.0001         23.5205       
SCu5    2.5670 r 0.0001         23.4728       
 
On the contrary, the molar volume were decreased with increased the CuO concentration. Because the 
ionic radius of the Cu-O bond is shorter than the covalent bond of the Si-O and the bond order between 
the transition metal ions and the oxygen ions is smaller than that between the silicon atoms and the 
oxygen ions [10].  
 

Fig. 1. Density and the molar volume of glasses doped with CuO at various compositions 
 
Fig. 1 shows the correlation between the density and the molar volume of the glass samples. It 
indicates that the tendency of changes were opposite in directions. The characteristics of the density and 
the molar volume were observed to change as polynomial functions of the CuO concentration.   
   
3.2. The refractive index of glass 
 
Table 3. The refractive index, molar refractivity, and the molar polarizability  of glass samples 
 
Samples 
code 
Refractive 
index, nD 
Molar refractivity, 
Rm (cm-3) 
Molar polarizability, Dm 
(Å3) 
SCu0        1.5250    r 0.0001 7.26274 2.8820 
SCu1        1.5266    r 0.0001 7.26788 2.8841 
SCu2        1.5272    r 0.0001 7.26546 2.8831 
SCu3        1.5277    r 0.0001 7.26104 2.8814 
SCu4        1.5284    r 0.0001 7.24702 2.8758 
SCu5        1.5291    r 0.0001 7.24043 2.8732 
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The measured refractive indices are shown in Table 3 and will be used to determine the molar 
refractivity (Rm), and the molar electronics polarizability, (Dm). The molar refraction and the molar 
electronics polarizability were calculated using Eq. (4) and (5), respectively. 
              
  
Fig. 2.The refractive index as a function of the density of glass samples
 
The refractive index was increased with increased CuO concentration due to the refractive index 
depend on the density of glass with the relation [11]. The refractive index is plotted as shown in Fig. 2 as 
a polynomial function of the density of glass samples. The calculated molar refraction and the molar 
electronics were shown in Table 3. The increasing refractive index affected on the decreasing of the molar 
refraction and the electronic polarizability.   
 
3.3 The optical absorptionn of glass 
 
Optical absorption measured at room temperatures in 200-1,100 nm wavelengths of all glass samples, 
is shown in Fig. 3. The results of optical absorption show on broad and asymmetric absorption band 
around 790 nm. These were the typical absorption due to Cu2+ ions (3d9 configuration) corresponding to 
the )D(T)D(E g2
2
g
2 o  transition in octahedral symmetry [12].  The intensity of the Cu2+ absorption band 
can be clearly observed and increase with an increase in CuO concentrations. 
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Fig. 3. The optical spectra of undoped and CuO-doped glass samples at room temperatures 
 
The undoped glass sample was almost colorless while the copper in soda lime silicate glass give a 
color in ranging of green-blue (the 4th quarter) in the CIE L*a*b* color scale. Cu2+ ions in glass network 
changes the glass color  from light to dark blue with increasing CuO concentration (see Fig. 4.) which 
correspond with the decrease brightness, L*. 
 
 
 
Fig. 4. The CIE L*a*b* color scale of undoped and doped CuO in soda-lime-silicate glass samples 
 
4. Conclusion 
 The CuO-doped soda lime silicate glasses were prepared by various CuO concentrations (0.0 – 0.5 
mol%), at 1500qC melting-temperatures. The density and refractive index increase with an increase in 
CuO concentration.  For addition of CuO concentration, the molar volume, the molar refractivity and the 
electronics polarizability decreased. The results found in this study have clarified the opposite correlation 
between the density and molar volume, and the refractive index and molar refractivity. The glass samples 
have blue color with an increase of CuO doping and corresponding with the optical broaden absorption 
and asymmetric spectra due to Cu2+ ions was around 790 nm.  
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